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ABSTRACT 

The vulnerability of vegetation, influenced by factors of different levels, is a growing concern in 

Kosovo, particularly in the Municipality of Prishtina. This study investigates the extent and causes of 

vegetation vulnerability by analyzing key factors: roads, land use, slope, and settlements. Using GIS 

and Remote Sensing, the pairwise comparison method was applied to calculate the weight of each 

factor's impact. A weighted overlay method was employed to create a risk map of vegetation 

vulnerability. Results reveal that areas near roads, with gentle slopes, and unplanned land use are most 

vulnerable to vegetation degradation. Conversely, regions with steep slopes, planned land use, and 

distance from roads show lower vulnerability. Population density further exacerbates vegetation risk, 

emphasizing the need for proper planning and sustainable natural resource management. This research 

highlights the importance of positive land use practices and proactive measures to mitigate the adverse 

effects of rapid urbanization on natural vegetation. 
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1. INTRODUCTION 

Contemporary lifestyle changes, coupled with the rapid and often uncontrolled expansion of 

settlements, have become increasingly prominent. Rapid population growth generates numerous 

challenges related to spatial organization and infrastructure development. Unplanned urbanization 

frequently results in critical issues, particularly where development occurs without prior planning, 

rendering the realization of comprehensive urban strategies virtually impossible. Consequently, this 

leads to multiple complications—both in the construction process and the management of built 

environments. Residential complexes are often constructed hastily, placing a high number of 

households within limited spatial confines. As a result, individuals experience a significant 

disconnection from the natural environment. The pace and scale of such urban development constitute 

a substantial burden on the population, frequently contributing to the onset of various health problems, 

including hypertension, neuroses, respiratory disorders, and arteriosclerosis. When these health issues 

are mapped spatially, it becomes evident that they are more prevalent in densely urbanized areas than 

in regions that maintain closer proximity to natural environments. 

The natural world is shaped by a multitude of dynamic forces that act, to varying degrees, on 

vegetation. The cumulative effects of these forces—both natural and anthropogenic—constitute what 

is referred to as vegetation vulnerability. A wide array of factors contributes to vegetation degradation, 

including but not limited to human activities, armed conflict, both natural and deliberate fires, pests, 

natural disasters, and disease outbreaks (Tsegaye, 2019; Ganaie, Jamal & Ahmad, 2021; Badmaev & 

Bazarov, 2022; Maurya et al., 2020; Tsymbarovich et al., 2020). Among these, human activities have 

been identified as the most detrimental to vegetation health and sustainability (Badmaev & Bazarov, 

2022; Maurya et al., 2020; Tsymbarovich et al., 2020; Minale & Gelaye, 2021). In this regard, people 

do a series of harmful actions that cause repairable damage (Nair & Tieguhong, 2021). Anthropogenic 

pressures—such as poor land management, expansion of road networks, proximity to settlements, and 

terrain accessibility—play a decisive role in the degradation of vegetation (Dien, 2004).  
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Consequently, areas that are remote or topographically inaccessible tend to be less exposed to 

human-induced threats. On the contrary, regions that are easily accessible are more susceptible to 

exploitation and ecological degradation (Minale & Gelaye, 2021). Furthermore, an increase in human 

population density and technological advancement correlates directly with environmental pressure 

and subsequent vegetation loss (EPA, 2021). The demand for agricultural land and forest products 

has further intensified the transformation of natural vegetation, often accelerated by technological 

innovations in agriculture.  

Natural vegetation is essential not only for ecological stability but also for socio-economic 

wellbeing (Minale & Gelaye, 2021, Schröter et al., 2005). The connection of the earth's surface with 

the vegetation is extraordinary. Vegetation plays a vital role in reducing soil erosion and enhancing 

fertility by stabilizing soil surfaces (Minale & Gelaye, 2021; Sun, Hou & Chen, 2021; Berendse et 

al., 2015; Jin et al., 2021; Hou et al., 2020; North et al., 2021; El Kateb et al., 2013; Novara et al., 

2018; Yu & Jia, 2014). Conversely, the absence or degradation of vegetative cover increases the risk 

of soil erosion and land degradation (Hou et al., 2020; Vieira et al., 2018; Moody & Martin, 2001; 

Morgan, 1986; Shakesby, Doerr & Walsh, 2000). In Kosovo, deforestation remains a principal driver 

of land degradation. A significant portion of the country's economy relies on agriculture, resulting in 

the conversion of vegetated lands into arable land. These transformations have led to significant 

alterations in vegetation cover over the decades. The degradation of natural vegetation in Kosovo 

poses a major threat to the sustainability of essential natural resources, such as water and soil (Wang 

& Stephenson, 2018; Wu et al., 2020; Huang, Van Den Dool & Georgakakos, 1996; Gebrehiwetk, 

2004; Niu, Chen & Sun, 2015). Key contributors to vegetation degradation in Kosovo include rapid 

population growth, escalating demand for natural resources, illegal logging, and anthropogenic forest 

fires. Migration patterns, particularly from rural to urban areas in search of better livelihoods, have 

led to an intensification of construction, infrastructure development, and resource exploitation. These 

activities are particularly evident in Prishtina—the capital city—where post-conflict development has 

significantly impacted natural vegetation.  

Although geoinformatics offers robust tools to assess vegetation vulnerability, their application 

remains underutilized, especially in Kosovo. Several studies have successfully employed geospatial 

technologies to analyze the impact of natural disasters on vegetation across the globe (Yin et al., 2020; 

Dashpurev et al., 2021; Gemitzi & Koutsias, 2021; Dutta et al., 2015; Gonçalves et al., 2015; 

Dindaroglu et al., 2021; Hislop et al., 2020). Due to human activities, the climate has changed, and 

such a change endangers the composition and distribution of vegetation by decreasing/destroying 

biodiversity and weakening the ecosystem (Bowler et al., 2020; Buizer, Humphreys & De Jong, 2014; 

Coomes et al., 2014; Hanewinkel et al., 2014; Khosravi et al., 2017; Lin, Xia & Wan, 2010; Lindner, 

2010; Paterson & Newell, 2010; Ripple, 2013; Way & Oren, 2010; Wiens, 2011; Zhu et al., 2014). 

As a result of all this, the atmosphere will be threatened to cause the degradation of the living 

environment to increase—fragmentation and loss of vegetation (Buizer, Humphreys & De Jong, 2014; 

Awono et al., 2014; Evans, Murphy & De Jong, 2013; Hanski et al., 2015; Luttrell et al., 2014; 

Matthews, Cottee‐Jones & Whittaker, 2014). Compared to traditional methods, the continuous 

monitoring of vegetated areas through the use of satellite data has tremendous advantages (Pei et al., 

2018; Zhang et al., 2017). To analyze vegetative drought, one of the most widely applied indices is 

NDVI (Gomes, Bernardo & Alcântara, 2017; Kundu, Dwivedi & Dutta, 2016). Gomes, Bernardo and 

Alcântara (2017) identified that the areas with the highest level of vegetation change were those put 

under tremendous amount of stress. Such areas had high Land Surface Temperature (LST) values and 

low Vegetation Health Index (VHI) values. This work was carried out in southeastern Brazil for 14 

years (2000-2014). Bhuiyan et al. (2017) for 29 years (1981-2010), examined the impact that thermal 

stress has on vegetation. The results clearly showed that heat stress damages vegetation to a great 

extent. Schröter et al. (2005) reported that the impacts of socio-economic activities on changes in 

vegetation distribution are evident. Berendse et al. (2015) concluded that the soil surface will be much 

more damaged if the vegetative cover layer is lost. Despite the global progress in geospatial vegetation 

studies, a significant gap remains in the scientific literature regarding the systematic mapping of 

vegetation vulnerability. A key limitation has been the lack of a coherent, standardized 
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methodological framework that can guide such research. Existing studies tend to focus primarily on 

identifying current vegetation status, underlying causes of degradation, and general ecological 

consequences. However, they often omit spatially explicit analyses that assess vulnerability and rank 

contributing factors according to their relative importance. This study aims to address these gaps by 

developing a detailed methodological workflow for mapping vegetation vulnerability using geospatial 

tools. The approach includes data acquisition (e.g., satellite imagery and elevation data) (Tab. 1), 

integration of environmental and socio-economic variables (slope, land use, proximity to roads and 

settlements), and the application of multi-criteria evaluation techniques, specifically the weighted 

linear combination method. The final output is a spatially explicit map of vegetation vulnerability, 

which can support both researchers and policymakers in environmental management efforts. 

Although similar methodologies have been applied in other regions of the world, no such studies 

have been conducted in Kosovo. This absence is largely due to the lack of clear methodological 

standards. Therefore, this research not only fills a scientific gap but also proposes a replicable model 

for the application of geospatial technologies in vegetation vulnerability assessment. 

In summary, the objectives of this study are threefold: 

1. To design a replicable geospatial methodology for vegetation vulnerability mapping, 

2. To identify and evaluate the key drivers of vegetation degradation in Prishtina, and 

3. To generate a spatial vulnerability model that supports sustainable natural resource 

management. 

This research is intended to serve as a reference point for future studies in the field of 

geoinformatics and environmental planning, contributing to more sustainable development practices 

in Kosovo and beyond. 

2. STUDY AREA  

Prishtina, the capital and largest city of the Republic of Kosovo, is situated in the northeastern 

region of the country, occupying a strategically significant position within the Balkan Peninsula (Fig. 

1). The municipality is geographically bordered by Kastriot (Obiliq) to the west, Besiana (Podujeva) 

to the north, Graçanica and Lipjan to the south, Fushë Kosova to the southwest, Dardana (Kamenica) 

to the east, and Artana (Novobërdë) to the southeast.  

 
Fig. 1. Location of the study area (Berila & Dushi, 2021). 
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Fig. 2. Landsat 8 OLI RGB – composite (R = 0.6542 μm, G = 0.5609 μm, B = 0.4828 μm) of the study 

area (Berila & Isufi, 2021a). 
 

Additionally, it shares a boundary with the Republic of Serbia along its northeastern frontier (Fig. 

2) (Berila & Isufi, 2021a). The total area of the Municipality of Prishtina spans approximately 523 

km². Geomorphologically, the municipality is part of the Kosovo Plain and is primarily composed of 

alluvial deposits originating from ancient lake sediments. Geologically, the region is characterized as 

a tectonic depression that formed during Oligo-Miocene tectonic activity, which has since shaped the 

contemporary landforms (Isufi & Berila, 2021; Berila & Isufi, 2021b; Municipality of Prishtina, 

2021). The area experiences a continental climate, typified by cold winters and hot summers, with an 

average annual precipitation of approximately 600 mm (Isufi & Berila, 2021; Berila & Isufi, 2021b; 

Municipality of Prishtina, 2021). 

Despite the global advancement in research on vegetation degradation and environmental 

vulnerability, Kosovo remains underrepresented in such investigations. The absence of localized 

studies is primarily due to a lack of clear, standardized scientific methodologies. Consequently, 

research in this domain has remained limited in scope and depth. To address this gap, there is a critical 

need for the application of advanced geospatial technologies—namely Geographic Information 

Systems (GIS) and Remote Sensing (RS)—which enable the integration and analysis of multiple 

environmental and anthropogenic variables (Minale & Gelaye, 2021).  

In the context of Prishtina, the application of geospatial tools is particularly essential due to the 

rapid and unregulated environmental transformations observed in recent decades. These changes have 

largely been driven by the overexploitation of natural vegetation, primarily resulting from intensified 

human activities. Post-conflict urban expansion, infrastructure development, and the increasing 

demand for natural resources have significantly altered the landscape and degraded vegetative cover. 
To date, no comprehensive study has been conducted to evaluate the vulnerability of vegetation in 

this specific area using geospatial methodologies. Therefore, this research seeks to fill that gap by 

identifying the key environmental and anthropogenic drivers contributing to vegetation vulnerability 

and by producing detailed spatial maps that depict these patterns. 



 Albert BERILA, Florim ISUFI and  Ferat KRASNIQI / USING GEOSPATIAL TECHNOLOGY TO … 83 

 

3. RESEARCH METHODOLOGY  

The primary objective of this study is to assess the degree of vegetation degradation through the 

identification and spatial analysis of key contributing factors. To achieve this, we employed a multi-

criteria geospatial approach that integrates several variables influencing vegetation vulnerability, as 

identified in relevant literature (Minale & Gelaye, 2021). Specifically, the following parameters were 

selected: slope, proximity to settlements, land use, and proximity to roads. Among these variables, 

terrain slope was considered particularly significant due to its direct influence on vegetation 

accessibility and susceptibility to human activities. To extract topographic information, we utilized a 

Digital Elevation Model (DEM) with a spatial resolution of 12.5 meters, obtained from the Alaska 

Satellite Facility (https://asf.alaska.edu/). This DEM was processed using ArcGIS 10.5, allowing for 

precise slope calculations at the cell level. The slope data were then classified into five distinct 

categories to reflect variations in terrain steepness across the study area (Berila & Dushi, 2021; Berila 

& Isufi, 2021c, 2021d). 

The slope of the terrain is a significant factor influencing vegetation vulnerability, as steeper 

areas are generally less accessible and therefore less exposed to anthropogenic activities. Using 

ArcGIS 10.5, we derived the slope from the DEM through the ArcToolbox “Slope” function (Fig. 3). 

This output was then classified into five categories, each representing different degrees of slope 

steepness. This classification served as a basis for vulnerability analysis, with flatter areas typically 

indicating higher risk due to greater accessibility. The second variable analyzed was the proximity to 

roads. Road networks were manually digitized from existing maps of the study area using ArcGIS 

10.5. Spatial analysis tools within the software were used to calculate Euclidean distances between 

vegetation and roads. These distances were categorized into four classes. Areas closer to roads were 

assigned lower values, indicating higher vegetation vulnerability, whereas areas further away were 

considered less vulnerable due to limited accessibility. 

 

 
Fig. 3. Flowchart depicting methodology – general steps (compiled by authors). 

https://asf.alaska.edu/
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To proceed further, it is necessary to scale the parameters that we will use, evenly (uniformly) 

according to Saaty (1987). To obtain the most accurate information on each option/variable, we had 

to know and consider the usefulness of each option or parameter entered so that, in the end, our 

decision-making was as rational as possible. For such a thing we have used multi-criteria evaluation 

using the weighted linear combination. For our study area, to determine the vulnerability of 

vegetation, we made comparisons of all variables included in the study, determining their importance 

according to our assessment. To have a clearer picture of the methodology used, we have presented 

such a thing in Fig. 3—general steps. 
                                                                                                                                                                    Table 1.  

Data used in this study for compiling the land use map (compiled by authors). 

Sensor type Date Path/Row Cloud cover 
Spatial 

resolution 

Format Source 

Landsat 8 OLI 2020/09/06 185/30 0% 
30m Tiff https://earthexplore

r.usgs.gov/ 

 

Saaty (1987), in 1987, compiled a table called "The fundamental scale", in which are given a total of 

9 points as a scale for assessing the importance of each variable under consideration—this is presented 

in Tab. 2. In the Analytic Hierarchical Process (AHP), we used the scale given by Saaty (Saaty, 1987) 

(Tab. 3). Through this scale, we have determined the values which we have compared for each 

variable considered. 
                                                                                                                                                                    Table 2.  

Saaty’s scale – the fundamental scale (Saaty, 1987). 

Intensity of 

importance on an 

absolute scale 

Definition Explanation 

1 
Equal importance Two activities contribute equally to 

the objective 

3 
Moderate importance of one over 

another 

Experience and judgment strongly 

favor one activity over another 

5 
Essential or strong importance Experience and judgment strongly 

favor one activity over another 

7 
Very strong importance An activity is strongly favored and its 

dominance demonstrated in practice 

9 

Exteme importance The evidence favoring one activity 

over another is of the highest possible 

order of affirmation 

2,4,6,8 
Intermediate values between the two 

adjacent judgments 

When compromise is needed 

Reciprocals 

If activity i has one of the above 

numbers assigned to it when compared 

with activity j, then j has the reciprocal 

value when compared with i 

 

Rationals 

Ratios arising from the scale If consistency were to be forced by 

obtaining n numerical values to spam 

the matrix 

 

For each pair, the weight was categorized—according to the importance of participating in the 

process—each of them was compared and, finally, they were recorded in a pairwise comparison 

matrix (Minale & Gelaye, 2021) (Tab. 4). The following constraint is met by 𝑎𝑗𝑖  and 𝑎𝑖𝑗  (Minale & 

Gelaye, 2021): 

                                                  𝑎𝑗𝑖 × 𝑎𝑖𝑗 = 1                                                                                                       (1) 

 

in column 𝑗 of the matrix, the element of row 𝑖, is 𝑎𝑖𝑗  (Minale & Gelaye, 2021). 

https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
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Following the establishment of weights, each factor layer was reclassified and integrated using 

the Weighted Linear Combination (WLC) method within ArcGIS. In this overlay process, each raster 

cell’s value was multiplied by the corresponding weight of its parameter. The final vegetation 

vulnerability model was produced by summing the weighted values of all cells. Higher cumulative 

values represent areas with greater susceptibility to degradation, while lower values indicate areas of 

relative ecological stability. 

The overall methodological framework—illustrated in Fig. 3—ensures an objective and 

replicable approach to vegetation vulnerability assessment. By combining environmental and 

anthropogenic indicators within a geospatial context, this method supports the development of 

informed, spatially targeted conservation and land management strategies. 
                                                                                                                                                                    Table 3.  

Saaty’s scale – the fundamental scale (Saaty, 1987). 

Scale Definition  

More important 

 

 

 

 

 

 

Less important 

9 Extremely 

7 Very strong 

5 Strong  

3 Moderately 

1 Equally important 

1/3 Moderately 

1/5 Strong  

1/7 Very strong 

1/9 Extremely 

                                                                                                                                                                    Table 4.  

Saaty’s scale – the fundamental scale (Saaty, 1987). 

Factors S Pr Ps Lua Weight 

Slope (S) 1 1/2 1/2 5 0.24 

Proximity to road 

(Pr) 

2 1 2 3 0.40 

Proximity to 

settlement (Ps) 

2 1/2 1 3 0.28 

Land use 

administration (Lua) 

1/5 1/3 1/3 1 0.08 

4. RESULTS AND DISCUSSIONS 

4.1. Slope 

The spatial distribution of vegetation is historically shaped by ecological conditions, natural 

evolution, and anthropogenic pressures. Among the primary physical factors influencing vegetation 

structure and vulnerability is terrain slope. Topography not only guides ecological processes but also 

exerts socio-economic implications, determining the suitability of land for settlement, agriculture, and 

infrastructure. Sloped terrains enhance erosion processes and constrain human activities, whereas flat 

lands are more accessible, favoring development and intensive land use.    

Globally, more than 90% of the population resides in areas below 400 meters above sea level, 

typically lowland zones where economic activities are most intensive. These areas are preferred for 

mechanized agriculture, urban expansion, and infrastructure development. Human modification of 

natural landscapes—driven by technological advancement and socio-economic needs—intensifies 

degradation. Flattened areas with high accessibility are particularly vulnerable to these modifications, 

while steep and elevated regions remain more preserved. 

Topographic characteristics, particularly terrain slope, play a fundamental role in shaping the 

spatial distribution, density, and structure of vegetation. The slope of the land not only influences 

ecological processes but also governs the extent to which an area is accessible and suitable for human 

activities.  
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Numerous studies have demonstrated a strong correlation between slope gradients and vegetation 

patterns, affirming that steeper terrains tend to preserve their natural cover due to reduced human 

interference (Giroux, Bergeron & Veillette, 2001; Lin et al., 2014; Simard et al., 2007; Wang et al., 

2014). Furthermore, slope and altitude are known to affect forest diversity, contributing to variations 

in vegetative composition and ecosystem resilience (Fu et al., 2004). In the context of the Municipality 

of Prishtina, our slope analysis—derived from a 12.5-meter resolution Digital Elevation Model 

(DEM) obtained from the Alaska Satellite Facility—reveals a distinct spatial pattern. The eastern, 

northeastern, and southeastern regions exhibit higher slope values, whereas the western areas are 

predominantly flat. 

This topographic configuration has direct implications for land use. Flat terrains, due to their 

accessibility and suitability for agricultural activities, are more prone to urban expansion and 

infrastructure development. Consequently, these areas are at a higher risk of vegetation degradation. 

The slope values within the study area range from 0 degrees (indicating flat land) to a maximum of 

47 degrees (Fig. 4). Areas characterized by higher slope values are generally less affected by 

anthropogenic pressures, as the steepness poses significant challenges for construction, mechanized 

farming, and other land-altering activities. This natural inaccessibility serves as a protective factor, 

preserving vegetation and reducing ecological disturbance.  

Given the critical role of terrain slope in shaping vegetation vulnerability, its inclusion as a core 

variable in this study was essential. However, it is important to acknowledge a methodological 

limitation: the use of a DEM with a 12.5-meter resolution, while adequate for regional-scale 

assessments, may not capture micro-topographic variations. Future studies are encouraged to utilize 

higher-resolution DEMs to enhance spatial precision and improve the granularity of terrain analysis.  

Terrain slope emerges as a key determinant of vegetation vulnerability. Steeper areas remain 

relatively intact due to natural constraints, while flat, low-lying areas are increasingly exposed to 

anthropogenic threats. These findings underscore the importance of integrating topographic variables 

into environmental planning and land-use decision-making processes. 

 

 
 

Fig. 4. Slope of the study area (compiled by authors). 
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4.2. Nearness to road 
  

Road networks are among the most influential anthropogenic factors driving landscape 

transformation and vegetation degradation. As populations grow and economic activities expand, the 

demand for connectivity and mobility increases. Roads enable the movement of goods and people, 

but they also serve as vectors for ecological disturbance, facilitating access to previously undisturbed 

areas and accelerating processes such as deforestation, habitat fragmentation, and soil erosion. 

The impact of roads on vegetation extends beyond the physical footprint of the infrastructure 

itself. Although roads occupy a relatively small proportion of land surface, their influence radiates 

into the surrounding environment. A variety of associated activities—such as increased vehicular 

traffic, emission of pollutants, noise, dust deposition, and land compaction—collectively contribute 

to the degradation of vegetation in adjacent areas. Numerous studies have documented the adverse 

ecological effects of roads, noting significant changes in vegetation composition and structure near 

road corridors (Findlay & Bourdages, 2000; Shakesby, Doerr & Walsh, 2000). 

Vegetation located in close proximity to roads is particularly vulnerable due to its increased 

exposure to anthropogenic disturbances. In contrast, areas that are difficult to access due to the 

absence of road infrastructure tend to remain relatively intact, protected by natural barriers such as 

terrain slope, elevation, and remoteness. For this reason, proximity to roads was selected as a key 

variable in our study to assess vegetation vulnerability. Using ArcGIS 10.5, we digitized all road 

segments within the study area as line features and conducted a proximity analysis. The distances 

from roads to vegetated areas were categorized into eight distance intervals, ranging from 0 km 

(indicating immediate adjacency) to 4.8 km (Fig. 5). The spatial pattern of road density in Prishtina 

reveals a concentration of roads in the western region of the municipality, which also corresponds to 

zones of higher urbanization. 

 

 
 

Fig. 5. Proximity to roads of the study area (compiled by authors). 
 



88 

 

 

This spatial correlation confirms that human activities are more intense in areas with greater road 

accessibility. In pursuit of minimal costs and maximum utility, individuals and communities tend to 

settle near roads, thereby increasing the likelihood of land conversion for agriculture, infrastructure, 

housing, and other uses. Consequently, vegetation near roads is subjected to heightened levels of 

disturbance through deforestation, logging, soil cultivation, and the expansion of the built 

environment. The general pattern indicates that the greater the accessibility, the higher the level of 

vegetation vulnerability—and vice versa. 

While the methodology employed effectively illustrates the relationship between road proximity 

and vegetation degradation, certain limitations must be acknowledged. The accuracy of road 

digitization could have been improved through the use of high-resolution topographic maps or official 

road network datasets. The reliance on general base maps may reduce spatial precision. Moreover, 

the high density of road features can lead to cartographic clutter, complicating the process of spatial 

analysis. Future studies should consider using more detailed geospatial data and carefully manage 

map symbology to avoid overlapping features and visual confusion. 

 

4.3. Proximity to settlements 

 

 Human settlements have historically evolved from rudimentary structures into complex urban 

systems, significantly reshaping natural landscapes and exerting continuous ecological pressure. The 

unregulated expansion of settlements and inefficient land use have contributed to the transformation 

of fertile agricultural areas and native vegetation into built-up environments, particularly in rapidly 

urbanizing regions. 

The proximity of vegetation to human settlements is a critical factor influencing its vulnerability. 

Areas situated near settlements are frequently exploited for various socio-economic purposes, 

including the extraction of energy resources, construction materials, agricultural expansion, and other 

development-driven activities. For this reason, settlement proximity was included as a key variable 

in assessing vegetation vulnerability in this study. As noted by Dien (2004), the presence and 

expansion of settlements have a particularly strong and often detrimental impact on vegetation, 

especially in peri-urban zones. 

Vegetation near settlements is more susceptible to degradation due to intensive land-use 

pressures, while areas located further from populated zones—particularly those that are difficult to 

access—tend to remain better preserved. To analyze this relationship, we employed ArcGIS 10.5, 

utilizing the Euclidean Distance tool from the Spatial Analyst toolbox to calculate the linear distance 

between vegetated areas and the nearest settlements. The resulting proximity values in the study area 

range from 0 km (immediate adjacency) to 6.3 km (maximum distance), as illustrated in Fig. 6. 

The spatial distribution of settlements in Prishtina reveals a notable concentration in the western 

part of the municipality. This area, characterized by a higher density of built-up zones, also exhibits 

more significant vegetation degradation. The analysis confirms a direct correlation between 

settlement density and vegetation vulnerability: as settlement presence increases, so does the pressure 

on adjacent vegetated areas. This relationship underscores the impact of urban sprawl on the 

ecological stability of the region. 

Settlements were digitized as point features using existing base maps of the study area. While 

this method proved effective for general proximity analysis, a limitation of the study lies in the 

absence of higher-resolution topographic maps, which could have improved the accuracy of 

settlement delineation. Overlapping features and excessive point density may also create visual clutter 

in cartographic outputs and analytical challenges in spatial modeling. 

To enhance future research, it is recommended to utilize higher-scale and more detailed 

topographic or cadastral datasets, which allow for more precise settlement mapping. Additionally, 

selecting study areas with manageable settlement density can reduce spatial complexity and improve 

the clarity of vulnerability assessments. 
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Fig. 6. Proximity to roads of the study area (compiled by authors). 

 

4.4. Administration of the land 

 

Land is a finite and multifunctional resource that plays a central role in sustaining ecological 

balance, supporting biodiversity, and enabling economic productivity. The manner in which land is 

utilized—and more importantly, how it is administered—has a direct and significant impact on the 

integrity of surrounding ecosystems, particularly vegetation. Poor land administration, characterized 

by unregulated urban sprawl, unsustainable agricultural expansion, and lack of environmental 

oversight, is one of the principal drivers of vegetation degradation and land cover transformation. 

Effective land management is critical for maintaining the resilience of vegetated areas. Where 

land use is guided by sustainable planning and regulatory frameworks, vegetation is better preserved. 

Conversely, poorly managed land often experiences accelerated degradation. Land management 

practices are influenced by a wide array of local and global factors, including socio-economic 

development, governance, environmental policies, and population pressures (Minale & Gelaye, 2021; 

Pfaff et al., 2007). 

In this study, land use within the Municipality of Prishtina was categorized into five major classes 

based on the type, intensity, and spatial distribution of land cover (Fig. 7). These classes were 

subsequently reclassified to reflect varying degrees of vegetation vulnerability. The analysis reveals 

that Prishtina has experienced substantial land mismanagement, particularly following the 1999 

conflict. The rapid and often unregulated migration to the capital city has intensified land consumption 

without adherence to planning standards (Isufi & Berila, 2021). Large areas of vegetation have been 

cleared to accommodate residential developments, transportation infrastructure, and expanded 

agricultural fields. The phenomenon of deforestation, combined with poorly enforced environmental 

policies, has further exacerbated the situation. 

As illustrated in Fig. 7, the western part of the municipality is almost entirely occupied by built-

up areas and, in some zones, agricultural land. The dense settlement pattern and the rising demand for 

land resources in this region suggest that vegetation degradation is both ongoing and intensifying. 

The results of this study, supported by empirical evidence and existing literature, clearly indicate that 

poor land administration is a major contributor to environmental vulnerability in Prishtina. 
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Fig. 7. Land use administration of the study area (compiled by authors). 

 

The final variable analyzed in this study was land use, derived from a 2020 satellite image 

obtained from Landsat 8, accessed through the official United States Geological Survey (USGS) 

platform. The classification of land use plays a fundamental role in identifying high-risk zones for 

vegetation loss. However, the use of a 30-meter spatial resolution image imposes certain limitations 

on the granularity and precision of the analysis. In particular, pixel-based classification at this 

resolution may not accurately capture small-scale variations in land use, which are critical for fine-

tuned environmental assessment. To enhance the reliability and accuracy of future research, it is 

recommended that satellite images with higher spatial resolution be employed. High-quality imagery 

allows for more precise delineation of land cover classes and supports more detailed monitoring of 

land use changes. Special attention should also be paid to pixel clarity and spectral definition during 

image processing to minimize classification errors and improve interpretability. 

 

4.5. Compilation of the vegetation vulnerability map 

 

Vegetation regeneration is most likely to occur in areas with limited human access—typically 

regions distant from roads and settlements. Consequently, dense vegetation is predominantly found 

in remote and topographically challenging areas, while vegetation in flat, accessible regions faces 

greater degradation. However, with the accelerated pace of global development and the expansion of 

infrastructure networks, such undisturbed areas have become increasingly rare. Modern transportation 

systems have drastically reduced the isolation of once-remote landscapes, increasing anthropogenic 

pressures even in previously inaccessible zones. 

This pattern is also evident when analyzing altitudinal variations. Vegetation in elevated terrains 

and steeper slopes is generally less disturbed due to limited agricultural viability, erosion risks, and 

construction challenges. Conversely, flat and low-lying areas are often targeted for urban expansion, 

agriculture, and infrastructure development, making them more susceptible to vegetation loss. 

In the context of the Prishtina municipality, four vegetation vulnerability classes were delineated 

using geospatial analysis tools (Fig. 8). These classes reflect varying levels of risk based on a 

combination of environmental and anthropogenic variables.  
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Fig. 8. Vegetation vulnerability map of the study area (compiled by authors). 

 

Areas identified as highly vulnerable are predominantly located in flat terrains, near dense 

settlement clusters, and adjacent to road networks. In contrast, zones exhibiting lower vulnerability 

are situated on steeper slopes, at greater distances from built environments, and in regions where land 

use is managed more sustainably. 

Our findings indicate that vegetation in Prishtina is under increasing threat, primarily due to 

population growth and the associated rise in demand for housing, energy, and agricultural land. The 

northeastern portion of the municipality, along with scattered patches across and a notable area in the 

south, were identified as the least vulnerable. These zones benefit from natural barriers and/or better 

land administration practices, which mitigate direct human impact. 

A particularly noteworthy observation is the significant role of terrain slope in buffering against 

vegetation degradation. Steeper terrains are not only less accessible but also less suitable for 

cultivation due to poor soil fertility and high erosion potential. As a result, such areas tend to preserve 

their vegetative cover more effectively. Conversely, forested zones located near road infrastructure 

are highly susceptible to deforestation, emphasizing the compounded effect of accessibility and 

economic exploitation. The compiled vegetation vulnerability map thus serves as a critical spatial tool 

for environmental planning, enabling policymakers and land managers to prioritize conservation 

efforts in the most threatened areas while reinforcing protective strategies in ecologically stable zones. 

5. CONCLUSIONS 

Assessing vegetation vulnerability is critical for ensuring sustainable land use and for 

implementing targeted environmental protection strategies. Vegetation serves as a vital ecological 

component, regulating climate, supporting biodiversity, and maintaining soil quality. In this context, 

the present study offers a detailed spatial analysis of vegetation vulnerability within the Municipality 

of Prishtina, emphasizing the need for integrative geospatial approaches in understanding landscape 

dynamics and environmental degradation. 



92 

 

The findings of the study reveal that Prishtina, although rich in vegetative cover, faces serious 

degradation risks. Uncontrolled expansion of settlements, intensification of agriculture, and 

continuous development of road networks are key drivers of vulnerability. Our results confirm that 

vegetation is most threatened in areas with flat terrain, which are highly suitable for cultivation and 

construction due to their gentle slope and accessibility. Conversely, regions with steeper slopes 

demonstrate reduced vulnerability, as their topographic complexity limits human interference and 

discourages intensive land use. 

The role of terrain slope is particularly significant: areas with low slope values are under greater 

pressure due to their agricultural potential and ease of access, while steeper terrains, often prone to 

erosion and less fertile, tend to remain less exploited. Similarly, proximity to roads and settlements 

emerged as strong determinants of vegetation degradation. Vegetation located near road infrastructure 

or within rapidly urbanizing zones faces increased risks due to human encroachment, pollution, and 

fragmentation of natural habitats. 

Furthermore, poor land administration practices in Prishtina have exacerbated the situation. The 

post-war period has witnessed an accelerated transformation of vegetated land into urban and 

agricultural areas, often without adherence to sustainable planning or environmental regulation. Areas 

with effective land governance and environmental oversight exhibit better preservation of vegetation, 

underscoring the importance of institutional capacity and regulatory frameworks in conservation 

efforts. 

This research provides a scientifically grounded vegetation vulnerability map that categorizes 

areas into four distinct risk levels, enabling policymakers, urban planners, and environmental 

managers to identify priority zones for conservation and rehabilitation. The methodology employed—

based on the integration of GIS, Remote Sensing, and multi-criteria evaluation via the Analytic 

Hierarchy Process (AHP)—demonstrates the robustness and replicability of geospatial tools in 

environmental analysis. While limitations exist due to the moderate spatial resolution of the DEM 

and satellite imagery used, the study presents a strong foundation for future work that can incorporate 

finer-resolution data and temporal dynamics. 

An equally important contribution of this study lies in addressing the existing gap in the literature 

regarding geospatial analyses of vegetation vulnerability. The methodological framework proposed 

here can serve as a template for similar studies in other regions facing comparable environmental 

pressures. By detailing every step—from data collection and factor weighting to spatial modeling and 

vulnerability mapping—this study encourages the adoption of best practices and fosters 

interdisciplinary research across geography, environmental science, and spatial planning. 

Ultimately, this study reinforces the indispensable role of geospatial technology in assessing 

environmental vulnerability and guiding sustainable development. It urges decision-makers in 

Prishtina and beyond to prioritize the integration of spatial data and environmental intelligence into 

land use policy. Moreover, it calls on researchers to further explore and refine geospatial methods, 

ensuring their broader application in regional and global environmental assessments. 

The degradation of vegetation is not only an ecological concern but a socio-economic challenge that 

requires coordinated efforts, informed by scientific data and implemented through evidence-based 

policies. This research contributes meaningfully to that endeavor by offering both a diagnostic tool 

and a roadmap for sustainable landscape management. 
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